The 
GENERAL SITUATION OF LAKES IN CHINA AND ITS MAIN ENVIRONMENTAL PROBLEMS
China is a country boasting of many lakes, with over 24,880 lakes, 2300 of them with a surface higher than 1 km 2 . The total area of all the lakes reaches 70,988 km 2 , accounting for about 0.8% of the total area of the country, and most of lakes distributes in the East Plain, Qingzang Altiplano, Mengxin Altiplano, Yungui Altiplano, and Northeast Plain-hills, also called Five Big Lakes Zone. All lakes are with a total storage capacity of 707.7 billion m 3 , of which freshwater storage capacity amounts to 225 billion m 3 . Besides, there are 86,825 reservoirs, with a total storage capacity of 413 billion m 3 . The two add to a total freshwater capacity of 6380 × 10 8 m 3 , forming one of the most important freshwater resources in the country, playing a major role in supplying drinking water for the people as well as water for industrial and agricultural production, and aquaculture, travel industry, improving climate, generating electricity etc.
Owing to various natural geography and climate condition of Chinese lakes, in the recent several decade years discharge of large quantities of pollutants and human activities of irrational exploitation, environmental problems of lakes shows complexity and diversity. There are five main environmental problems: eutrophication, pollution of organic pollutants, salting of lakes in the west of China, shrinking of area and reduction of water quantity of lakes and destruction of ecosystem. But at present eutrophication is the most important environmental problem in many lakes and thus brings a tremendous influence on sustainable development of society and economy in lake regions.
PRESENT STATE OF TREND EUTROPHICATION OF LAKES
Investigation of 1980s and 1990s shows eutrophic lakes was mainly located in the middle and lower stream of Changjiang River, Yungui Altiplano, part of Northeast Plain-hills and Mengxin Altiplano. But all the urban lakes almost have been in the eutrophic level because the urban lakes are small and seriously destroyed by the domestic wastewater.
Owing to the fact that people have not realized the frailty of the lake ecosystem and lack of environmental awareness, human activities such as land reclaimation and destruction of plants around lakes, discharge of large quantities of industrial and agricultural waste water into lakes, and irrational development and utilization of natural resources of lakes, and so on have greatly affected the environment of lakes, which now face many environmental problems. And lakes throughout the country are commonly undergoing the process of eutrophication. As a result, the cycling of the ecosystem of many lakes is damaged, causing great losses to production and people's life in lake regions. Figure 1 shows trophic state of over 50 Chinese lakes. Eutrophic and hypertrophic lakes account for 66% and hypertrophic lakes amounts to 22%. Therefore, lake eutrophication has become an important environmental problem now.
Investigation shows that many freshwater lakes, even some lakes in the district where people seldom lived have accounted to the eutrophic state and most of them have been in the high trophic level. The characteristics of trophic state of lakes follow as:
1) The five largest freshwater lakes have been in the eutrophic level, they have been generally facing eutrophication with high nutrients (Tabs 1a, 1b), for example, concentration of TN is above 10 times higher. Now Lake Taihu and Lake Caohu are already in the eutrophic state, with some waters even approaching to hypereutrophic level. And the other three lakes may also enter into eutrophication in the condition of higher nutrient load. 2) The urban lakes are facing serious eutrophication.
According the investigation of many years, the urban lakes have been facing serious eutrophication with extremely high concentration of TN, TP, Chl-a and low transparency (SD) in water bodies and mainly in the hypertrophic level accompanying the serious organic pollution with very high concentration of COD Mn and BOD 5 in waters, exceeding the Grade V water(GB3838-88) (Tab. 1). 3) Most of medium-sized lakes are already of the eutrophic state. Lots of medium-sized lakes are already of the eutrophic state with TN and TP approaching or exceeding the eutrophication transition concentration and some waters even reaching hypertrophic level (Lake Dianchi and Lake Erhai).
The concentration of COD Mn , BOD 5 , TP and TN is high in eutrophic lakes. Secchi disk transparency is lower than 1.0 m, and in most of them even lower than 0.5 m. Water quality is more and more deteriorating and the lake ecosystems appear to be greatly damaged.
Also the problem of nutrient elements released from sediment is serious. For example, 29% area of Lake Taihu is coverd with 0.1 m or more of highly contaminated sediment. The total storage capacity amounts to 69.1 million m 3 . Algal nutrients (especially phosphorus) are the most important elements released from sediments, together with the refloating of small organic granule. There are so much nutrient elements in sediments that Lake Tajihu can still maintain an high level of eutrophication, even if all the external loading is reduced to zero.
As a consequence of the extremely high trophic condition, ecosystem in many lakes is commonly damaged due to deterioration of water quality, lowering of transparency, and destruction of lakeshore vegetation and wetland. The change of biological community accompanying the raising of pollutants and nutrients level is hereafter briefly summarized.
Phytoplankton densities largely increase, diversity of phytoplankton community declines, and dominant species of phytoplankton community change into species characteristic of eutrophic environments as cyanobacteria, which dominate in almost all the lake.
In eutrophic lakes phytoplankton produce high blooms and seasonal changes are reduced. In the hypertrophic and eutrophic lakes average yearly densities of phytoplanktonic algae vary between 1,000,000 and 10,000,000 ind l -1 and in the urban lakes the average algae per year amounts to between 10,000,000 and 100,000,000 ind l -1 (Tab. 2). Diversity of phytoplankton community decrease. In eutrophic lakes seasonal change of composition of phytoplankton community tends to simplicity and the general tendency is that the higher is the concentration of nutrients in lakes simpler is the species composition of phytoplankton community and lower bio-diversity. In some lakes such as Gantang Lake composition of phytoplankton community is very simple and only one of algae species takes absolute advantage all over the year. In some lakes such as Luhu Lake, Liuhua Lake and Xuanwu Lake etc. only one of algae take advantage in most seasons (Tab. 4).
Dominant species change to the species indicating the eutrophication. Table 4 shows that in eutrophic lakes the dominant species are species characteristic of the eutrophic waters. In many lakes the quantities of the dominant species increase sharply, which leads to "waters bloom" (Tab. 3).
Tab. 2. Yearly average concentration of Chl-a, number of individuals and biomass of phytoplankton for some lakes in China.
Chl-a n. Accompanying the evolution toward hypertrophic status of lakes, the area of macrophyte gradually shrink. For example, before 1970s Lake Dianchi showed a good water quality with 100% coverage of aquatic vascular bundle plants, and in outer of Lake Dianchi with SD of over 2 m and 90% coverage of various aquatic vascular bundle plants. But after the middle of 1970s, due to gradual intensity of human activities, Lake Dianchi changes to eutrophication and water quality rapidly deteriorated, leading some species to die out, community composition became more simple. In 1990s the area covered by aquatic plants accounted for only 1.8% of the total lake area.
In 1950s Lake Dianchi have multiple community types: Chara vulgaris community, Ottelia acuminata community, Vallisneria spiralis community, Myriophyllum spicatum community, Potamogeton malainus community, Acorus calamus community, Scirpus validus community, E. crusgallia community, Phragmites communis community, and Potamogeton crispus + M. spicatum + Hydrilla verticillata + C. demersum community etc. After 1970s Ottelia acuminata community died out, in succession C. vulgaris community died out, owing to inning and repairing of lake shore A. calamus and S. tabernaemontani community deracinated too, V. spiralis community, P. malainus community and P. cripus + M. spicatum community were died gradually, P. pectinatus community with high tolerance for pollution evolved, and E. crassipes community took advantage. In 1990s in Caohai of Lake Dianchi P. pectinatus community of submerged macrophytes distributed in one or two sites; As for hydrophyta natantia, E. crassipes community took advantage with big biomass, and Alternanthera sessilis, Oenanthe japonica, A. imbricate and L. minor etc. distributed sporadically in E. crassipes community (Tab. 5).
During the oligotrophic state, there were 44 species of submerged macrophytes in Lake Dianchi and 18 speTab. 4. Composition and succession of aquatic plants community in Caohai of Lake Dianchi. Y = yes; numerical value in the bracket means percent which this community accounts for all the area of all the aquatic plants. Community type 1950s 1960s 1970s 1980s 1990s Emerged macrophytes community Phragmites communis cies in Lake Erhai. In the mesotrophic state the number of species declined to 30 species in Lake Dianchi and 13 species in Lake Erhai. Such species as O. acuminata and C. vulgaris disappeared. In the hypertrophic state the number of species of Lake Dianchi declined to only 12, sporadically distributed in a few areas of the lake shore and with small scale (Tab. 6). Some species with strong tolerance for pollution rapidly increased in density and biomass, while other species gradually declined and, in general, the distribution area of aquatic plants becoming small. For example, P. pectinatus come into being only one dominant species community with absolutely preponderant biomass, distribution area and high frequency, leading to P. pectinatus covering all the lake.
Frequent emergency of "water blooms" in many urban lakes of China may do serious harm to the lake. First it may produce obstacle to water function of lakes, then it will have impacts on aquaculture and scenic tourism, and algae toxin will endanger the health of people in the lake basin. In early 1980s microcystin (one of the algae toxin) was separated from Lake Donghu in Wuhan. The microcystin was also detected in the drinking water on Tongan (Fujian province) where has high rates of liver cancer. The highest concentration of microcystin in Lake Taihu was 38.5 µg l -1 in 2001. The trend of the eutrophic lakes in China is quite rapid. Table 7 shows trophic state of 34 lakes in China. Most of lakes were of in middle-trophic state, account for 91.8%. Eutrophic lakes account for 5.0% (Tab. 6). In only ten years, oligo-trophic lakes change to be middletrophic lakes. The percent decrease from 3.2 to 0.53.
Middle-trophic lakes change to be eutrophic lakes, the percent increase from 5.0 to 55.01 (Tab. 7). In 1996, Eutrophic and hypertrophic lakes account for 85%. Therefore, lake eutrophication in China has become an important environmental problems at present.
Excessive discharge of pollutants into lake is one of the important causes of eutrophication of lakes in China. Table 8 shows that now the ratio between present pollutant discharge and the maximal allowable load of the lake are of 3 to 10 in many lakes, and the value is even higher in urban lakes, which lead to deterioration of water quality and eutropohication of lake waters gradually.
COUNTERMEASURE FOR LAKE EUTROPHICATION CONTROL
All kinds of irrational activities and excessive nutrient load into the lake are the main causes of lake eutrophication and ecological disorder. Therefore, we should stop all kinds of irrational activities first, then take effective measures to restore lake ecosystem gradually.
Taking into consideration the domestic and foreign experience, the strategy to control eutrophication is hereafter described.
1) To combine source control with ecological restoration
Pollution sources are obviously the most direct reason of lake eutrophication, so control pollution sources is regarded as the preliminarily step. But lake is a lived waterbody and we could not control eutrophication efTab. 6. Trophic state and estimation of 34 lakes in China (1978 China ( -1980 fectively with the single measure of source control. Lake eutrophication treatment requires to take not only source control measures but also ecological restoration measures. Ecological restoration mainly pay attention to rehabilitation of aquatic plant in the shallow waters, restoration of lakeshore in the water-land crisscross area, and replantation of terrestrial ecological zone in erosion area. Only by ecological restoration measures, lake ecosystem could be restored to normal cycle and eutrophication could be controlled basically.
2) To protect lake from the point of view of the whole catchment Lake is only part of a ecosystem of the whole lake catchment. Therefore to maintain normal ecosystem requires to control and protect lake from the point of view of the whole catchment.
3) The synthetical treatment and management Synthetical treatment and managementis proved to be more rapid and effective measure in prevention and treatment of lakes.
